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Abst rac tnTh is  paper discusses the use of simulation Analysis in continuous time econometric mod- 
els. Continuous time models are formulated as nonlinear systems d dlsequWbrium difl'eventbd equa- 
tions. They are linearized for estimation purposes (FIML). However slnmlaticm analysis is carried 
out with the original nonlinear system. Such an analysis provides useful insights on the properties of 
the model which are not always understandable from estimation and qualitative analysk. Examples 
derived from alternative financial iberalization regimes in the Italian econon~, are provided. 
INTRODUCTION 
Continuous time macroeconometric models axe specified as a system of nonlinear stochastic dif- 
ferential equations which are lineaxized for estimation purposes (see [1,2]). 
However, since the parameters being estimated axe those of the original nonlinear differential 
model, the nonlinear model, not its linear approximation, can be used directly for forescasting 
and simulation. Thus forecasts and simulations of the endogenous variables can be produced 
directly on the same basis as the raw data and no spurious improper oscillations are introduced 
(see [1, Section 3.4.1]) for a treatment of these points.) 
The use of the original nonlinear model has two additional advantages: 
(1) The features of the economy, which are inherently nonlinear, can be adequately investi- 
gated and, given the fact that equations of the model are specified as adjustment equations 
in which the actual variable adjusts to its partial equilibrium value, it is possible to fully 
appreciate the effects of different adjustment speeds on the overall dynamic behaviour of 
the system. 
(2) Forecasts for any forecasts interval can be produced irrespective of the length of the time 
interval inherent in the data used for estimation (see [1, Chapter 3]). 
When using the continuous model, continuous paths for the exogenous variables are needed. 
If these variables can be written as analytical functions of time, the system can he solved imme- 
diately. 
However, exogenous variables are often defined as a series of observations and so interpolation 
will be needed to solve the system. Wymer [3] suggests the use of a quadratic or a cubic poly- 
nomial for flow and instantaneous variables respectively. As regards the endogenous variables, 
their initial values must he given, by definition, at a point in time. This will not cause difficulties 
with instantaneous variables, hut will with flow variables in the broad sense. Thus, the initial 
values of the flow variables will have to be approximated in some way, the particular approxima- 
tion depending on the information available [3]. Experience with the Gandolfo-Padoan model in 
its different versions [1,2,4] has shown that the specification of initial values may influence the 
dynamic behaviour of the model in the initial periods (two to four quarters) of the simulation 
run.  
Let us conclude this section by recalling the different ypes of simulations which can be per- 
formed with a continuous model. 
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In discrete time models, it is usual to make the distinction between "single-period" (or "static") 
and "multi-period" (or "dynamic") forecasts. The former are those obtained by letting the lagged 
endogenous variables take on their actual values; the latter are those obtained by letting the lagged 
endogenous variables take on the values forecast by the model for the previous period(s). It 
is a well-known fact that dynamic forecasts are generally worse than single-period forecasts be- 
cause the errors cumulate. The equivalent dinstinction in continuous models can be made accord- 
ing to whether the solution of the differential equation system is (a) recomputed each period or 
(b) computed once for all. In case (a), the differential equation system is re-initiated and solved 
n times (if one wants forecasts for n periods), each time by using the observed values of the 
endogenous variables in period t as initial values in the solution, 1 (which is then employed to 
obtain forecasts for period t + 1). This is equivalent to the single period fcrecasts in discrete 
models. In case (b), the observed values of the endogenous variables for the starting period are 
used as initial values in the solution of the differential equation system, which is then employed 
for the whole forecasts period. This is equivalent to the dynamic forecasts in discrete models. 
It goes without saying that single-period forecasts can be used either for ex post forecasting 
(for example, to examine the in-sample predictive performance of the model) or to produce ex 
ante forecasts for one period ahead. But, if one wants to produce ex-ante forecasts for more 
than one period ahead and/or for a time interval different from that inherent in the data, then 
dynamic forecasts must be used; these, of course, can also be used for ex-post forecasting. 
AN APPL ICATION TO THE LIBERALIZATION OF CAPITAL MOVEMENTS 
In this section, an example of simulation analysis with a continuous time model is presented. 
The model is a macrodynamic model of the Italian economy [2] whose main features are also 
discussed in Gandolfo's contribution to this special issue. 
The exercise discussed here is an in-sample policy simulation which is performed by comparing 
the behaviour of the model in its basic estimated version (control solution) with that of versions in 
which some of the parameters have been altered as a consequence of capital iberalization. These 
exercises have been performed by using the original nonlinear model. The starting point was the 
first quarter of 1980 in order to have, in principle, five years of in-sample behaviour for comparison 
(as the estimation sample covers 1960.I-1984.IV). The spirit of the exercise, following [5J--is to 
"rerun history", asking ourselves what would have happened if capital movements were to be 
liberalized at that point in time and, hopefully, gathering further information on the adjustment 
of the Italian economy, as described by our model, to a new regime. A point which still requires 
investigations ( ee [6]). 2 
Given the central role that it occupies in this paper, let us take a closer look at the capital 
flows equation which is specified as follows: 
(PWGS   MGSh 
DIogNFA=a241og~NFA] +a251og\  PXGSXGS ] '  ~25<0, 
where 
N F A = 711e~'(i'+l°g( FR/ E)-ir'r )( PY )/J2°( P F.f E Y F) ~2' .
The equation has a twofold nature. First of all, the stock of net foreign assets (NFA) adjusts 
to its desired value NFA. The latter reflects the "modern" of "portfolio" view, in which the scale 
variables are proxied by the domestic (PY) and foreign (PF! EYF)  money incomes. Given the 
scale variables, the level of NFA is determined by the interest differential term corrected for 
exchange rate expectations proxied by the ratio of the forward to spot exchange rate (FR/E) 3. 
From the formal point of view, Iog(FR/E_.) ~_ (FR - E)/__E) if we expand in Taylor's series and 
neglect all terms of order higher than the first. 
1TA~,,g into account  the caveaf about  initial values which were mentioned above. 
2The use  of ahmz~t|ons with econometric models h~ hee~ criticized by [7]. However the validity of such a critique 
has bee~z largely over emphasized. For a discussion ofthis point see ([4], Appendix II.4.) 
3For further discussion ofthis point, see [2, Section 2.2.3]. 
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The second element in the equation refers to capital movements which are not strictly related to 
portfolio considerations, but rather, to trade fows. The ratio of the value of imports to the value 
of exports is meant to capture the effect of commercial credits on the capital account. A trade 
deficit--i.e., (PMGS! E MGS/PXGS XGS) > 1; hence log( ) > 0--is partly financed through 
commercial credits from abroad, hence an increase in foreign liabilities (Dlog(NFA) < 0). 
The transition to a regime with higher capital mobility has been simulated by imposing an 
increase of c~24, the adjustment speed of net foreign assets to their desired value, and eliminating 
capital controls from the equation of real imports 4 of goods and services. The value of ~24 
has been set to different values, starting from ~24 = 0.2 (which is the bifurcation value of the 
parameter desired from sensitivity analysis discussed in Gandolfo's contribution to this special 
issue) to ~24 = 90.0 (i.e., a mean time lag of one day), an assumption of (almost) perfect capital 
mobility. 5 The exercise has been carried out also with intermediate values of ~24- The behaviour 
of the model does not change significantly from a qualitative point of view, i.e., the basic features 
of the reaction mechanism which is set in motion by the increase of ~24, do not change with 
the value of the adjustment speed although the intensity of the movement of the variables is 
affected. I decided, therefore, to present for each of the two cases considered (see below) the 
results obtained with ~4 = 90.0, i.e., the case of "full" capital iberalization. The analysis of the 
effects of the liberalization of capital movements has been carried out considering two different 
hypothesis about the formation of exchange rate expectations and the policy reactions with 
respect o exchange rate movements. In what follows, I will present only the results concerning 
the variables of the model which have been mostly affected by this experiment. 
Case 1 
The model is altered only with respect o the elemination of capital controls from the import 
equation and the increase in ~24. 
The main result is that, after a period of apparently stable behaviour, the dynamic path of 
some of the variables, notably the exchange rate, assumes an explosive behaviour. We may 
distinguish between an impact effect and an adjustment mechanism. 
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Figure la. NFA/NFA CONTR. Case 1. 
NFA -- Behaviour of the stock of net foreign asset with capital iberalization, Case 1 
(s~ te~t). 
NFA CONTR. = Behaviour of the stock of net foreign assets without capital iber- 
alization (base run). 
4The introduction of capital control variable in the equat ion for real imports reflects an a t tempt  to account for 
elandestine capital movements. In an earlier study, Gando]fo [8] found significant empirical evidence for this 
phenomenon i the Italian economy on the import side. Clandestine outflows are presumably positively related 
to  controls in international capital movements. 
SThe mean time lag is the time needed for about 63% of the discrepancy between actual and desired values to be 
p]imi-~ed. 
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Figure lb. E/E CONTR. Case 1. 
E -- Behavlour of the level of the nominal exeh,~nse rate with capital liberafi~Ltion, 
Case 1 (see text). 
E CONTR. -- Behaviour of the level of the nominal exchange rate without capital 
llb~ali~tion (base run). 
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Figure lc. iTIT-iTIT CONTR. Case 1. 
iT1T ---- Behaviotw of the level of  the nominal interest rate with capital iberalization, 
Case 1 (see text). 
iTIT CONTR. - Behaviour of the level of the nominal interest rate without capital 
lib~alizstion (base run). 
The increase in ~24 leads to an immediate increase in NFA which causes an appreciation 
of the exchange rate E (impact effect). This is a well known effect in portfolio models. The 
change in E, in turn, leads to a decrease in the interest rate (iTIT) and to an increase in the 
level of internationai reserves (R). This is the consequence of the "learning against he wind" 
components present in both equations according to which the interest rate increases (decreases) 
and international reserves decrease (increase) when the change in the exchange rate (D log E) is 
pmitive (negative). Finally the improvent of the terms of trade, associated with decrease in E, 
produces an improvement in the current account. From this point onwards, a reaction mechanism 
involving mainly the interest rate and the level of international reserves is set into motion. 
The level of R is now too high with respect o its target value which is a function of the value 
of imports (now lower because of the appreciation of the exchange rate). As a consequence, the 
level of reserves tends to decrease. The level of the interest rate, on the contrary, is pushed 
upw~ds by two elements: the appreciation of the spot exchange rate relative to the forward 
rate which increases the target value of iTIT, and the monetary squeeze caused by the decrease 
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Figure ld. R /R  CONTR. Case 1. 
R = Behsviour of the stock of foreign exc/tange reserves with capital liberalization, 
CMe I (,ee text). 
1% CONTR. = Behsviour of the stock of the foreisn exchange reserves withcmt capital 
l iberali~tion (base run). 
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Figure le. PC/PC CONTR. Case 1. 
PC = Behaviour of the balance on goods and services with capital liberalisation, 
Cue i (,e, text). 
PC CONTR. = Behaviour of the balance on goods snd services without capital 
libe~'allzation (base run). 
61 
in international reserves through the money supply equation. The increase in iTIT leads to a 
decrease in the accumulation of net foreign assets. 
The decrease in NFA pushes towards the depreciation of the exchange rate. This effect is 
partially offset by the behaviour of the current account (which is improving). At this stage, the 
economy is apparently/following a stable path characterized by a lower exchange rate and a higher 
interest rate. One important real effect is the relatively lower level of fixed investment produced 
by the tighter monetary and credit conditions. 
After about three years, however, the pressure for a higher exchange rate overwhelms the 
opposing forces. The exchange rate starts a depreciating movement which soon becomes explosive. 
The results of this simulation confirm the widespread view that a decrease in capital controls 
leads initially to a higher stock of net foreign assets; they seem to aLso confirm the widespread 
notion that the economy can be managed to keep on a relatively stable path, if appropriate 
interest rate and exchange rate intervention policies are adopted. But this latter notion, though 
valid for a few years, is no longer valid in the long run: what this exercise shows, in fact, is that 
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the new regime leads to the build up of market pressures concentrating on the exchange rate 
which eventually become unsustainable. 
Case ,~ 
The role of policy interventions, associated with the "learning against he wind" elements 
present in the interest rate and international reserves equations, has proved to be crucial in the 
previous case. A second group of simulations has been carried out by eliminating this component 
from the two policy equations. A second major modification is related to exchange rate expec- 
tation which are represented by the ratio of the forward to the spot exchange rate. The forward 
rate was kept exogenous in the previous imulation and this fact might have somewhat distorted 
the result of the exercise. 
Different ways out were available, including the possibility of introducing a new equation for 
the endogenous determination f the forward exchange rate. Another scdutiou was adopted which 
has the advantage of minimizing changes in the structure of the model as well as avoiding the 
introduction of new parameters. Expected exchange rate changes were proxied by the rate of 
change of E, D log E which replaced Iog(FR/E) in both the interest rate and in the capital 
movements equations. This amounts to assuming perfect foresight (the divergence between iTXT 
and i! -t- D log E does, however, remain due to imperfect asset subetitutsbility). 
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Figure 2a. NFA/NFA CONTR. Cue  2. 
NFA -- Behsviour of the stock of net foreign assets with capital fiberallutioss, Cue  2 
(.~ text). 
NFA CONTR. ffi Behsviour of the stock of net foreign smwts without cqdts l  iiber- 
allzation Coue run). 
In this case too, the experiment of capital iberalization leads to an explosive movement of the 
exchange rate which, however, occurs much earlier than in the previous case (see Fibmre 2). ~ The 
increase in ~24 produces, as before, an increase in NFA and an appreciation of the exchan~ 
rate. The absence of leaning against he wind components lesves the interest rate unchanged 
while~international reserves lowly increase. Easier monetary conditions tart a deterioration of
the current account as a consequence of both higher imports sad of lower exports (which are 
inversely related to credit and hence money supply growth). The rather msrked d e ~  in 
the current account puts a pressure on the exchange rate which starts a very rapid deValltation 
course. As a consequence the economy starts a cumulative process which eventually explodes. 
The devaluation is generated by an overall balance of psymemts deterioration. This is the result 
of stock flow interactions as well as of difik~nt adjustment speeds if the balance ~ payments 
components. The relatively low adjustment speeds of real imports and exports of pods  and 
services (see [2, Section 3.1.1]), in fact, make the qmmtity effect of the devaluation on ~ade 
flows--which would improve the bahmce of payments--to be felt much more slowly than the 
adverse terms of trade effect. This leads to a further devaluation which is not contrasted by the 
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Figure 2b. E /E  CONTR. Case 2. 
E -- Belutviour of the level of the nominal exch~ge rate with capital iberalization, 
Case 2 (see text). 
E CONTR. = Belmviour of the level of the nomianl exchange rate without capital 
liberalization (base run). 
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Figure 2c. iTIT -- iTIT CONTR. Case 2. 
iTIT = Behaviour of the level of the nomlmd interest rate with c~pital liberalization, 
Case 2 (see text). 
iTIT CONTR. ---- Behsviour of the level of the now|n,d hlte~rest rate without capital 
liberalization (base run). 
63 
monetary authorities (as the leaning-against-the-wind components have been suppressed), on the 
contrary, the central bank tends to accumulate reserves in order to reach the target value for R, 
which keeps on incresing due to the increasing value of imports detenlained by the depreciation 
of the exchange rate. Higher reserves lead to easier monetary conditions and further current 
account deterioration. 
CONCLUSION 
In this paper, we have discussed the use of nonlinear simulations analysis in continuous time 
macroeconometric models and we have presented an application of such an analysis which consid- 
ers the effects of capital iberalization in a disequilibrium acroeconometric model of the Italian 
economy specified as a set of stochastic differential equations. The simulation exercises were 
carried out assuming either the presence or the absence of leaning against he wind interventions 
and different specifications of exchange rate expectations. The presence of leaning against the 
wind rules is crucial in keeping the economy on an apparently stable path for about three years 
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Figure 2d. R/R CONTR. Case 2. 
R = Behaviour of the level of the stock of foreisn exchange reserves with capital 
liberalization, Case 2 (see text). 
R CONTR. = Behaviour of the stock of foreign exchange reserves without capital 
liberalization (base run). 
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Figure 2e. PC/PC CONTR. Case 2. 
PC = Behaviour of the balance on boo(is and services with capital iberalization, 
Case 2 (see text). 
PC CONTR. = Behaviour of the balance on goods and services without capital 
liberalization (base run). 
after the initial impact effect. However, a violent exchange rate crisis eventually develops which 
leads to a collapse of the system. If  leaning against he wind is not pursued, the exchange rate 
crisis develops in the second quarter after the liberalization of capital movements and the system 
collapses a few quarters later. From an economic point of view, our results suggest hat if capital 
liberalization is to be fully undertaken, adequate policy measures must be taken in order to avoid 
undesirable dynamic behaviour of the economic system. 
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